Studies on the Diatom Species Diversity in Abalone Hatcheries and Its Role in Abalone Early Life by 赵东海
学校编码：10384                          分类号      密级       
学号：200226026                                  UDC       
 
厦  门  大  学 




Studies on the Diatom Species Diversity in Abalone 




指导教师姓名：高亚辉  教授 
专 业  名 称：水生生物学 
论文提交日期：2005 年 6 月 13 日 
论文答辩时间：2005 年 6 月 30 日 
学位授予日期： 
答辩委员会主席：杜琦  研究员 
评    阅    人：杜琦  研究员 
柯才焕  教授 























                    声明人（签名）： 









































































































Abstract in Chinese········································································1 
Abstract in English········································································4 
1. Introduction··············································································9 
1.1 Taxonomic and ecological studies of phytoplankton and benthic algae 
in marine culture system································································9 
1.2 The role of diatoms in abalone seed production·································14 
1.3 Purpose and main content of present study········································21 
2. Materials and methods···························································23 
2.1 Taxonomic and ecological studies of diatoms in abalone hatcheries 
··········································································································23 
2.2 Isolation and culture of dietary diatoms··············································27 
2.3 Effects of diatoms and filtrate of cultured Cylindrotheca closterium on 
the early life of abalone Haliotis diversicolor supertexta·····················29 
2.4 Instruments and equipments································································32 
2.5 Date treatment and statistic analysis···················································33 
3. Results and analysis································································35 
3.1 Diatom assemblages in abalone hatcheries and their temporal and 
special distribution········································································35 
3.1.1 Water chemistry for abalone hatcheries··································35 
3.1.2 Species composition, densities and the character of community 
structure of diatom assemblages in abalone hatcheries············35 
3.1.3 Descriptions of dominant, abundant and newly recorded species 














3.1.4 Seasonal changes of diatom assemblages in abalone hatcheries·····55 
3.1.5 Succession of diatom assemblages in abalone hatcheries during one 
period of seed production····················································62 
3.1.6 Compare on epiphytic diatom assemblages in successful and failing 
abalone hatcheries···························································69 
3.1.7 Compare on diatom assemblages in abalone hatcheries and natural 
sea area nearby in the same period······································75 
3.2 Isolation and culture of dietary diatoms in large scale······················78 
3.2.1 Diatoms isolated from abalone hatcheries and other sea areas····78 
3.2.2 Culture result of the diatoms for abalone in large scale···············80 
3.3 Effects of diatoms and filtrate of cultured Cylindrotheca closterium on 
the early life of abalone Haliotis diversicolor supertexta·····················82 
3.3.1 Effects of diatoms on the settlement and shell length of larval 
abalone Haliotis diversicolor supertexta·······································82 
3.3.2 Effects of the filtrate of cultured Cylindrotheca closterium on the the 
settlement and shell length of larval abalone Haliotis diversicolor 
supertexta·····················································································89 
4. Discussion················································································91 
4.1 Species composition and the character of community structure of 
diatom assemblages in abalone hatcheries···································91 
4.1.1 Species composition and the dominances·······································91 
4.1.2 Indexes for the diatom community structure···································93 
4.1.3 Compare on the character of diatom assemblages in abalone 
hatcheries, natural sea area and the former studies·················94 
4.2 Time variability of diatom assemblages in abalone hatcheries···96 














4.2.2 Succession of diatom assemblages during one period of abalone seed 
production····················································································98 
4.3 Relationship between the diatom community structure and abalone 
seed production····················································································101 
4.4 Isolation and culture of diatoms for abalone in large scale············104 
4.4.1 Choose of methods for algal isolation··········································104 
4.4.2 Culture of the diatoms for abalone in large scale··························104 
4.5 Role of diatoms and filtrate of cultured Cylindrotheca closterium in 
the early life of abalone Haliotis diversicolor supertexta···················106 
4.5.1 Effects of diatom species on attachment of larval abalone Haliotis 
diversicolor supertexta··································································106 
4.5.2 Effects of diatom species on early growth and survival of larval 
abalone Haliotis diversicolor supertexta·······································106 
4.5.3 Effects of diatom species on shell length of larval abalone Haliotis 
diversicolor supertexta··································································108 
4.5.4 Effects of the filtrate of cultured Cylindrotheca closterium on 
settlement and shell length of larval abalone Haliotis diversicolor 
supertexta······················································································108 




















摘  要 
于 2003 年 5 月至 2004 年 5 月，研究了东山岛一带九孔鲍（Haliotis 
diversicolor supertexta）育苗池浮游硅藻和附着硅藻的群落组成及其生态
分布，并对饵料硅藻进行分离和培养。此外，初步研究了扁圆卵形藻椭圆
变种（Cocconeis placentula var. euglypta）等硅藻以及新月筒柱藻
（Cylindrotheca closterium）滤液对九孔鲍附着、变态和早期生长的影响。
结果如下： 




类种数占 78.26％，附着硅藻中，羽纹纲种类种数占 84.91％。 
2. 鲍育苗池浮游硅藻密度普遍较高的种类有：新月筒柱藻（平均密
























4. 鲍育苗池内共发现我国硅藻新记录种 7 个，新记录变种 2 个，它
们是：Achnanthes bremeyeri Lange-Bertalot、Achnanthes campechiana 
Hustedt、Amphora laevis var. laevissima Gregory、Extubocellulus spinifer 
(Hargr. & Guill.) Hasle, von Stosch & Syvertsen、Navicula duerrenbergiana 
Hustedt、Navicula johanrossii Giffen、Nitzschia dubiiformis Hustedt、Nitzschia 
frustulum var. indica Skvortzow 和 Nitzschia laevis Hustedt，对它们的形态和
生态分布进行了详细描述。 





季（7 月）和冬季（2 月）；附着硅藻密度也是春季（5 月） 高，秋季和
夏季分别次之，冬季 低。优势种虽然在各个季节也有一些差异，但浮游
硅藻中扁圆卵形藻椭圆变种是大部分季节的优势种；附着硅藻中扁圆卵形




























































Studies on the diatom species diversity in abalone 
hatcheries and its role in abalone early life 
Zhao Donghai 
Abstract 
The community structure and ecological distribution of diatoms in 
abalone hatcheries of Haliotis diversicolor supertexta in Dongshan Island and 
other areas nearby, was studied from May 2003 to May 2004. Dietary diatoms 
were isolated from the samples collected in abalone hatcheries and other sea 
areas. The effects of diatoms such as Cocconeis placentula var. euglypta and 
the filtrate of cultured Cylindrotheca closterium on settlement, survival and 
early growth of larval abalone Haliotis diversicolor supertexta were also 
studied. The results were showed as following: 
1. Totally 108 diatom species (including varieties) belonging to 37 genera 
were identified in diatom assemblages from abalone hatcheries. These species 
were mainly from 6 genera: Nitzschia, Navicula, Achnanthes, Amphora, 
Cocconeis and Synedra. The diatoms in abalone hatcheries were mainly 
composed of pinnate diatoms. In planktonic diatom assemblage, pinnate 
species number accounted for 78.26 %. In epiphytic diatom assemblage, 
pinnate species number accounted for 84.91 %. 
2. In planktonic diatom assemblage, the common species were 
Cylindrotheca closterium (44.09 percent of total cell density in average), 
Asterionella notata (13.87 percent of total cell density in average), Cocconeis 
placentula var. euglypta (10.36 percent of total cell density in average) and 














diatom assemblage, the common species were Cocconeis placentula var. 
euglypta (24.45 percent of total cell density in average), Cylindrotheca 
closterium (14.23 percent of total cell density in average), Amphiprora alata 
(8.61 percent of total cell density in average) and Navicula sp.2 (5.24 percent 
of total cell density in average). These species often became dominant or 
abundant in abalone hatcheries, while some of other diatom species could also 
become dominant in abalone hatcheries. The dominant species varied with 
abalone breeding environment. 
3. Nanodiatom accounted for considerable proportion in total species 
number and cell density of the whole diatoms in abalone hatcheries. It 
accounted for 43.48 percent of total species number and 31.4 percent of cell 
density in planktonic diatom assemblage. In epiphytic diatom assemblage, the 
percentage of nanodiatom in total species number and cell density was 51.89 
and 73.94 percent respectively. So its function in abalone seed production can 
not be ignored. 
4. Seven species and two varieties of diatoms in abalone hatcheries were 
found as new records for China. They were Achnanthes bremeyeri 
Lange-Bertalot, Achnanthes campechiana Hustedt, Amphora laevis var. 
laevissima Gregory, Extubocellulus spinifer (Hargr. & Guill.) Hasle, von 
Stosch & Syvertsen, Navicula duerrenbergiana Hustedt, Navicula johanrossii 
Giffen, Nitzschia dubiiformis Hustedt, Nitzschia frustulum var. indica 
Skvortzow and Nitzschia laevis Hustedt. Their morphology and ecological 
distribution were also described in the paper. 
5. In May to July, 2003, total cell densities of planktonic and epiphytic 














area nearby in the same period in Dongshan, Fujian Province. The 
predominance index was also higher in abalone hatcheries, while the diversity 
index, evenness index and abundance index were higher in the natural sea 
area. 
6. Seasonal change in the total cell density of the diatoms was marked in 
abalone hatcheries in Dongshan, Fujian Province. Cell density of planktonic 
diatoms was highest in May followed by that in November, while the least was 
in February. Cell density of epiphytic diatoms changed the same as planktonic 
diatoms. Though there was some difference in dominant species in every 
season, Cocconeis placentula var. euglypta was dominant in planktonic diatom 
assemblages in most of the seasons and in epiphytic diatom assemblages, 
Cocconeis placentula var. euglypta and Navicula sp.2 were dominant species. 
7. The community structure and dynamics of planktonic diatom 
assemblages were affected by epiphytic assemblages. This was supported by 
some results: (1) Benthic diatoms such as Cocconeis placentula var. euglypta 
and Cylindrotheca closterium appeared as dominant species in planktonic 
diatom assemblages. (2) Season change in cell density of planktonic diatoms 
was in positive correlation with that of epiphytic diatoms in abalone hatcheries. 
(3) A mass of epiphytic diatoms or other benthic diatoms appeared in 
planktonic diatom assemblage during one period of abalone seed production. 
The species number, total cell density of planktonic diatoms and the cell 
densities of the most of main species also changed in positive correlation with 
those of epiphytic diatoms. The planktonic diatom assemblages may also 
affect the community structure and the change of epiphytic assemblages. 














not fit the patterns described for epilithic or epiphytic assemblages but 
resembled those that described for epipelic diatom assemblages. 
9. Success or failure of abalone seed production may have relationship 
with the community structure and succession of diatom assemblage. Higher 
cell densities and their percentages of species of Navicula and Nitzschia 
appeared in samples from abalone hatcheries which made successful seed 
procuction, while higher cell densities and their percentages of species of 
Cocconeis and Achnanthes appeared in samples from failing abalone 
hatcheries. As for the species composition, Cylindrotheca closterium and 
Navicula sp.2 appeared more in samples from successful abalone hatcheries as 
dominant or abundant species, while Cocconeis placentula var. euglypta 
appeared more in samples from failing hatcheries as dominance. 
10. Five diatom species were isolated from abalone hatcheries in 
Dongshan, Fujian Province and 27 species were isolated from other sea areas 
using 3 methods of microalgal isolation. Culture experiments showed that 
pumping with air and providing nutrition could promote the growth of 
Navicula ramosissima. Inoculation of diatoms in abalone hatcheries could 
promote the growth rate of diatoms, the quantity of diet and the purity of algal 
films. 
11. Cocconeis placentula var. euglypta could induce the settlement of 
larval abalone Haliotis diversicolor supertexta efficiently. Attachment of larval 
abalone in response to diatom films depended either on the morphology, or the 
growth form of diatom, or the cell density, or the physiological condition of 
diatom. Higher number of larval attachment also brought out higher number of 














closterium could promote larval attachment and metamorphosis of abalone 
Haliotis diversicolor supertexta. 
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